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FOREWORD

This report is part of a continuing series that is intended to
provide a summary of the ground water resources for every county in
the Commonwealth.

The purpose of this particular report is to gather the available
ground water data for Wise and Dickenson Counties, and to present it
so that it might be used effectively by governmental agencies,
industry, developers, investors or individuals in evaluating the
existing ground water situation and their future requirements.

A growing population, expanding industry, and a relentless
pattern of increased per capita water cdnsumption all combine to
place ever-increasing demands upon the water resources of a region.
Ground water, often a neglected but valuable resource, often can
play an important part in meeting these needs.

This report is directed primarily toward the layman, and it is
intended broadly to assist the ground water user or developer. More
detailed studies or ‘specific ground water problems may require the
services of a consulting hydrogeologist.

It is the function of the State Water Control Board to be at the

pubTic's service for general information and governmental action.
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WISE-DICKENSON COUNTY GROUND WATER
PRESENT CONDITIONS AND PROSPECTS
By
Michael R. Dovel

ABSTRACT

A1l of Dickenson County and most of Wise County lie within the
coal fields of Southwest Virginia,’where they account for some of the
largest productions of bituminous coal in the Commonwealth. - The
‘remainder of Wise County lies within the Valley and Ridge Physiographic
Province.

The increased demand for coal as a domestic source of energy will
require the expansion of both surface and subsurface mining operations.
~ Population will increase, meeting the demands of an expanding work
force. Protection of the existing ground water resources and its
careful utilization in the future will help fill the anticipated in-
creased requirements for water by both industry and population.

The topography of the coal fields in Wise and Dickenson Counties
is formed from a raised plateau which has been eroded into a complex
group of ridges and narrow, steep-walled, flat-bottomed, V-shaped
valleys. The valley bottoms are f]dod plain deposits of boulders,
cobbles, sands and clays which have been transported from the high-

lands. They are seldom more than 30 feet (9.1 m) thick.
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Stream flows vary greatly throughout the year, with even the
largest streams diminishing to a trickle in dry weather. The steep-
sided valleys quickly exit rain water, reducing the volume of recharge
into the water table. The denuding of land for strip mining operations
hastens runoff even further.

Much of Wise County and nearly all of Dickenson County have, near

their surface, rocks of Pennsylvanian age, which is part of the

greatest coal-producing periods in the earth's history. They are
mostly shales, sandstones and coal beds. Shales usually produce only
small quantities of water. The voids between the grains of the
 sandstones are often filled with recemented mineral matter, clay and
silt-sized particles, and mica flakes, reducing their ability to
transmit and store water. Fractures and fissures in the rocks are
often closed at depths below 400 feet (122 m) due to the weight of the
overlying strata. This diminishes both the volume and flow of ground
water. Below 400 feet (122 m) the water becomes increasingly salty.

- The portion of Wise County within the Valley and Ridge Physio-
graphic Province is characterized by a rolling topography that is
reflective of the carbonates and shales that underlie it. The soil
cover in this region is thicker than it is in the coal fields, and it
weathers to a more fertile, silty clay.

The ground water in the coal fields of Dickenson and Wise Counties
is typically slightly acid, irony, somewhat hard and often contains
compounds of sulfur. It may also contain methane and hydrogen sulfide
gases. The ground water in the Valley and Ridge Province in Wise

County is generally of better quality, although it may be harder, and
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it is more prone to contamination. A typical water well is illus-
trated in the report, along with a recommended technique for venting
the well to reduce the danger of accumulating gases. Also discussed
are methods for reducing iron, manganese, corrosiveness and bacteria
from the ground water.

The largest wells in the two counties are used to serve coal
mining operations. These wells tend to skew the data toward higher
than normal yields, because inadequate yields are usually not
reported.

The report discusses the methods which would be necessary to
develop large-scale ground water supplies. This would involve
placing several wells in a valley bed by a large stream, alternate

pumping, proper well depths and adeduate casing. Also discussed
| are ground water problems such as depletion due to overpumping or
infiltration into abandoned mines, and quality deterioration caused
by mining operations and inadequate landfills.

The report concludes by pointing at the increased demand for
ground water as a source for water subplies.in the future, and the
need to obtain sufficient information to protect existing ground

water resources, and plan for its future use.
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CHAPTER I
INTRODUCTION

General - Wise County

Wise County is located in southwestern Virginia (Plate 1), and
it lies within both the Valley and Ridge and Cumberland Plateau
Physiographic Provinces (Frontispiece). The 412-square mile
(1,067.1 km2) county is bounded on the northeast by Dickenson County,
Virginia; on the east by Russell County, Virginia; on the south by
Lee County, Virginia; and on the West, northwest and north by the
Kentucky counties of Letcher, Harlan and Pike, respectively.

The population of Wise County is 43,863.] Norton, which is the
county's only incorporated city, is centrally located, with a popu-
lation of 4,757. The remaining inhabitants are scattered throughout
the county, principally in six towns that radiate from Norton. They
are: MWise (popu]ation 3,894), the county seat, 4 miles (6.4 km) to
the northeast; Pound (1,086), 15 miles (24.1 km) north; Appalachia
(2,418), 11 miles (17.7 km) to the west; Big Stone Gap (4,748), 14
miles (22.5 km) to the west; Coeburn (2,625), 11 miles (17.7 km)
east; and at the southeast corner of the county, 24 miles (38.6 km)

from Norton, is the Town of St. Paul (973).

U. S. Department of Commerce, Bureau of the Census, 1980.




The county lies largely within the coal fields of southwestern
Virginia, and it is one of theyState's'largest producers of bitumi-
nous coal. In 1977, 31] percent of the county's non-agricultural
wage and salary employment was in mining. Other county industries
include the manufacturing of coke, lumbering, the quarrying of
carbonate rocks for aggregate and sandstone for sand, and to a small
degree, agriculture. Farms occupy only 10 percent of the land, with
most farm income being derived from dairy cattle and apple orchards.

Manufactured items consist 1arge1y of dairy products, soft
drinks, concrete, concrete blocks, 1ime, and mining machinery and
equipment.

General - Dickenson County

Dickenson County encompasses a total area of 335 square miles

(867.7 km2) which 1ie totally within the Cumberland Plateau
Physiographic Province (Frontispiece). It is also entirely within
the Southwest Virginia coal fields, being the third largest producer
of bituminous coal in the Commonwealth. It is bordered on the east,
south and west by the Virginia counties of Buchanan, Russell and
Wise, respectively. Pike County, Kentucky, forms the northern

border.

]Virginia Employment Commission, Population and Employment Data,

compiled by the LENOWISCO Planning District.
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The population of 19,806 is 1argé1y rural, the main excep-
tions being the county's two incorporated towns: Ctintwood, the
county seat, with a population of 1,369, which is in the south-
centré] portion of the county's northwest quadrant, and Héysi
(371), located in the center of the northeast quadrant.

The main employer in the county is the mining industry,
which accounts for nearly 80 percent of total employment. Other
industries in the county are clothing, timber, agriculture and
tourism. Only about 15 percent of the county is in agriculture,
due largely to the rough terrain and thin soil. Most cash farm
income is derived from cattle, tobacco and fruit. Nearly 80
percent of the county is forested, with the Jefferson National
Forest extending throughout the county's northern border.

One of the most spectacular tourist attractions in the region
is the Breaks Interstate Park, lTocated at the northwestern corner
of the county. The Russell Fork River has carved a. 1,600-foot
(488 m) deep, 5-mile (8.1 km) Tong gorge, known as the Breaks of
Cumberland, through the underlying rock. Other tourist attractions
in Dickenson County are the John W. Flannagan Reservoir on the
Pound River, the Cumberland Museum in Clintwood, and Camp Zarahemla,

approximately 15 miles (24.1 km) west of Clintwood.

]U. S. Department of Commerce, Bureau of the Census, 1980.




Methods of Investigation and Data Assembly

The information presented in this }eport largely has been
gathered from publications of local, state and federal agencies,
private organizations, drilling contractors' Water Well Completion
Reports, and the files of the State Water Control Board and the
Virginia Department of Health.

Water samples for analysis are spigot samples collected either
specifically for this report, or as part of the regular ground water
monitoring and surveillance program of the State Water Control Board.
An‘additioné] source of water quality information is the Pollution
Response Program (PReP), maintained by the Board for the specific
purpose of responding to citizens' reports of water pollution of any
type. This includes the pollution of ground water by accidental or
intentional spills of hazardous chemicals, oil, gasoline, refuse or
industrial wastes. Water sample testing was performed either by the
Board's laboratory in Abingdon or the Consolidated Laboratory in
Richmond.

Ai] water well infdrmation and the results of laboratory
analyses used in this report are on file with the State Water
Control Board in Richmond, and in fhe Board's Southwest Regional
Office in Abingdon. These data have been placed in computer
storage and are updated quarterly. The printout of this infor-
mation was used to compile Appendices B, C, E and F.

Water Well Numbering System

Every well on file with the State Water Control Board is

assigned two groups of numbers. The first group consists of a




3-digit series that indicates the county. For example, Wise County
Has been given the prefix 197, and Dickenson 125. The other group
of numbers is a sequential 1ist that has been given to the water
wells upon receipt of their Water Well Completion Reports. This
second series js unique to the well to which it has been assigned,
and it is never reused. Although some water wells may be dropped
from the computer printout, usually due to the lack of specific data,

all such information remains on file with the State Water Control

Board.







CHAPTER T1I
PHYSICAL SETTING

Topography - Wise County

It would be best to describe the topography of Wise County as
being divided into two distinct types, each reflective of the geo-
logical conditions which underlie them.

Approximately 80 percent of Wise County is underlain by the
nearly flat-lying rocks of the Cumberland Plateau. With the ex-
ception of a small, gently rolling plateau near Wise, much of the
remaining Cumberland topography is in the form of narrow, steep-
walled, V-shaped valleys that are drained by fast flowing streams
with shallow, rocky bottoms. This would at first appear to indicate
a rather youthful topography. Indeed, referring to the area as a
plateau seems inappropriate. However, upon closer observation, it
is revealed that these steep walls are caused by the nearly hori-
zontal, weather-resistant strata which form nearly vertical slopes
on their exposed, weathered outcrops.

Dissection of the former plateau has been so extensive that
few traces of it remain among the resulting hills and valleys.
Although dissection has been vast, it has not been great enough to
produce wide valleys. However, around the Town of Wise, highly
resistant sandstones and conglomerates have been sufficiently strong
to blunt the effects of weathering, and, consequently, much of the

character of a plateau remains.
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The valleys of the coal fields in the southern part of the
county are in older and more easily weafhered strata than the
valleys to the north, and, consequently, they have a less stark,
more rounded character.

Rocks of the Valley and Ridge Physiographic Province underlie
the remaining 20 percent of Wise County. They crop out in two
places in the county: a small area in the extreme southeastern
corner, around St. Paul; and a much larger, 5-mile (8 km) wide,
12-mile (19.3 km) long, northeast-trending salient that extends
from beyond the county's southwest border almost to Norton (Plate
5 ). This latter feature presents the most dramatic topography
in the county. It is caused by a large plunging anticline, or arch
in the rocks, that has had its core eroded away, forming Powell
Valley, and leaving the more resistant strata to form the mountain
ridges which rim the valley on three sides. The anticline's nose
and southern 1imb form Powell Mountain; the northern 1limb forms
Stone Mountain. This ridge extends to the southwest for approxi-
mately 140 miles (225.3 km), broken in only two places: Pennington
Gap in Lee County, Virginia; and Big Stone Gap in Wise County,
where it has been cut by the main stream of the Powell River. This
breach was crucial to the development of the coal fields in Wise
County, for it provided a water grade through which the railroads
could enter.

The highest point in the county is High Knob on Powell Mountain,
with an elevation of 4,223 feet (1,287.2 m) above mean sea level.
The county's lowest point is nearby on the floor of Powell Valley,

where elevations of approximately 1,700 feet (518 m) are not uncommon.
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A small asymmetrical ridge extends down the center of Powell
Valley, the result of an under]ying; southeasterly dipping stratum
of weather-resistant sandstone. Other modest topographic features
on the valley floor include small sinkholes among the carbonates,
and the gently rolling hills that typically reflect the Valley and
Ridge carbonates and shales that lie beneath them.

The Wise County-Kentucky border is formed by the crest of
Pine Mountain, a feature that forms the northern boundary of the.
Cumberland Block. This is a northeast-southwest trending ridge
that extends from Russell Fork in adjacent Dickenson County into

Tennessee.

Topography - Dickenson County

Dickenson County lies entirely within the Cumberland Plateau
Physiographic Province, with an extremely rugged topography that
has been formed as a consequence of erosion upon the nearly hori-
zontal strata that are beneath the county. Dissection of the up-
lifted plateau has been extensive, resulting in a vast number of
steeply walled, V—shéped, narrow valleys.

The maximum relief in Dickenson County is approximately 2,300
feet (701 m), representing the difference between the highest point
on Pine Mountain near Jesse Gap, with an elevation of 3,149 feet
(959.8 m), and the lowest point Tocated where Russell Fork exits
the county at the Kentucky border.

Pine Mountain, the crest of which forms the Dickenson County
and Kentucky border, is the county's most prominent topographic

feature. It has been formed as the result of the Pine Mountain

13




Fault (Plate 6), which, in turn, forms the northwestern edge of the
Cumberland Block. Two other ridges are important topographic
features in Dickenson County. They are: Sandy Ridge, which paral-
lels the Dickenson and Russell County boundary; and the northerly-
trending Big Ridge, which extends from Sandy Ridge and also serves‘to
divide the Cranesnest and McClure Rivers.

The dramatic Breaks of Sandy is a Dickenson County topographic
feature that must not escape mention, for it forms the deepest gorge
in the United States east of the Mississippi River. The northerly
flowing Russell Fork has carved itself into the sandstones and shales
to a depth of nearly a thousand feet (305 m), leaving nearly vertical
walls.

Drainage - Wise County

The drainage of Wise Countyyis carried to three major drainage
basins (Plate 3), each of which is fed by numerous streams, forming,
in the coal fields at least, a pronounced dendritic drainage pattern.
Like the veins of an enormous leaf, from which this drainage pattern
gets its name, countless small streams form an intricate pattern of
valleys in the sandstones and shales of the'dissected plateau. This
complex interfingering of streams has, no doubt, contributed to a
lively history of stream piracy, which, in turn, must have accelerated
the dissection of the plateau.

The drainage pattern in Powell Valley is typical of that seen
often in the Valley and Ridge Physiographic Province. This consists

of rather straight main streams parallel to the ridges, fed by

14




MAJOR DRAINAGE BASINS OF WISE COUNTY
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numerous smaller streams which descend from the ridges, meeting the
larger streams at right angles. |

The northern part of Wise County is drained by the Pound River,
which is fed by its North and South Forks and Indian Creek. Birch-
field Creek and the Cranesnest River also exit the northern part of
the county, to join the Pound River in adjacent Dickenson County.

The southeast and central portions of the county drain to the
Clinch River, largely via the Guest River. The county's western
portion is drained by the Powell River, which breaches Little Stone
Mountain at Big Stone Gap, and is fed by Pigeon and Looney Creeks,
Callahan Creek, Roaring Fork and Black Creek.

The Clinch and Powell Basins feed southwesterly, first to join
the Tennessee River, and eventually,the Ohio River. The north
easterly flowing waters of the Pound River also wind up in the Ohio,
but they find their way there through the Big Sandy, which they join
in Kentucky.

The steep-walled valleys and shallow soil cover allow rainwater
to run off quickly, allowing little to soak into the water table.
Not only does such a situation pose the threat of flash flooding,
but it effectively restricts the steady flow of all but the largest
streams. Consequently, many streams go dry during times of little
precipitation. Since a stream is often the reflection of the water
table in a topographically low area, this "drying up" indicates the

lowering of the water table. During times of little precipitation,

17




this lowering often affects users of ground water, especially those

with the shallower wells.

Drainage - Dickenson County

Dickenson County is drained by two major river basins, the
Clinch and Russell Fork (Plate 2 ). The Russell Fork, which flows
northeasterly, merging with the Big Sandy, is fed mainly by the
Pound, Cranesnest and McClure Rivers. In the north-central
portion of the County, the Pound is dammed, forming the John W.
Flannagan Reservoir, which is used as a source of drinking water,
for flood control and for recreation.

South of Sandy Ridge the waters of Dickenson County drain to
the Clinch River, which eventually flows into the Tennessee River.

The drainage pattern is almost universally dendritic, with
one startling exception: Russell Fork flows northerly in an ex-
ceptionally straight manner. The reason for this is immediately
understood when one Tooks at the Geologic Map of Dickenson County
(Plate 6), for the river follows the path of the Russell Fork
Fault, which runs north-northwesterly from the St. Clair Fault near
Big A Mountain to the Kentucky border, where it forms the north-
eastern terminus of the Pine Mountain Fault.

As in the case of Wise County, the narrow valleys and shallow
soil of Dickenson County permit rain water to run off quickly, giving
rise to the threat of flash flooding during times of intense precipi-
tation. In times of prolonged dry weather, all but the largest ‘

streams cease to flow, and their output is reduced to a trickle.
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Climate

The general climate in Wise and Dickenson Counties is classified
as warm temperate, or more specifically, humid subtropical. The main
climatological influences are latitude, topography and the prevailing
winds.

The average annual precipitation in the area is approximately 47
inches (119 cm) and the average annual temperature is 53 degrees
Farenheit (11.7° C). The annual snowfall average is 18 inches (46 cm),
which is equivalent to 1.5 inches (3.8 cm) of rainfall. As shown on
Plate 4, which can be interpreted as reflecting conditions throughout
the study area, most precipitation occurs in early to mid-summer, with
the autumn being dryest.

There are essentially three types df soil in the study area.

They are: residual soils, alluvium and colluvium. A residual soil
is an in-place soil that has been formed as a result of weathering
6f its parent rock. Alluvium is a soil that has been transported
by water, and co]]uQium is a soil that has been transported
physically by gravity from a higher e]evation. Many areas contain
mixtures of two, or even all three types of soil.

Most of the study area contains silty sands. In Ppwe]] Valley,
however, the limestones and dolomites weather to a thick, clayey
soil that is quite fertile.

Alluvial cones have built up in the mouths of many valleys and
ravines. In Wise County; at the mouth of Crackerneck Hollow, a fan

of gravel is spread out for nearly one-half mile (0.8 km). The
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mouths of the ravines in Stone and Little Stone Mountains have smaller,
steeper cones. In Big Stone Gap, a gravel terrace 20 feet (6.1 m)
above the present stream provides evidence of a higher stream bed in
the past.

Outside of the Valley and Ridge formations in Powell Valley the
best soils are found on the most gentle slopes, where the effects of
erosion are least. These include areas in the vicinity of Sandy‘

Ridge and Flatwoods. »

In many of the valleys the soils that c]ing’to the valley walls
are only a shallow, stony, sandy loam lying immediately above
slightly-weathered, resistant bedrock. The removal of lumber, and
strip mining operations, have in many areas accelerated erosion to
such an extent that 1ittle, if any, vegetation can flourish.

Vegetation

The vegetation along the ridges throughout the study area often
is stunted due to the thin soil's poor water-bearing ability, and
the effects of harsh winds. Nevertheless, numerous small chestnuts
and oaks cling tenaciously to even the steepest slopes. The mountain
slopes are home to moré than half of the forested area in Wise and
Dickenson Counties, with white oak being the most abundant, particularly
on the northern slopes where evaporation is less. Other slope-dwelling
trees include yellow poplar, hemlock, white ash and maple, which become
more abundant at the Tower elevations. The forests as a rule have only
modest underbrush.

Numerous denuded areas in the coal fields caused by some strip
- mining operations provide mute stark testimony tokthe fact that vege-

tation can only be reintroduced by careful planning and management.
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CHAPTER III
HYDROGEOLOGY

Introduction

The relationships between geology, topography and hydrology are
intimate, complex and often quite subtle. It is the purpose of this
chapter to give a brief geologic history, 1ist the stratigraphy, and
discuss the major geo]ogic structures and how they relate to the
hydro]ogic cycle and ground water.

Geologic History

A11 of the rocks in the Wise-Dickenson study area are sedimentary,
formed from waterborne sediments that were deposited in a large trough
which, at the time of deposition, extended from present-day Alabama to
at least Newfound]and. During the time of depositioh (Pa1eozoic Era)
the land level and sea level shifted relative’to each other countless
times.

During those times in which the land was high relative to the sea,
erosion was mbre intgnse, carrying clastic, sand-size particles into
the wide trough or gebsync]ine, later to be consolidated into sandstones.
Shales and clay stones were formed in the same manner from silts and
clays which were brought in dufing tihes when the land was relatively
low. Often when this geosynclinal sea was shallow there were periods of
intensive animal 1ife, and the Timestones and dolomites that présent]y
underlie the area were formed from limy muds that were enriched by the
calcareous shells of dead animals.

At the end of the Paleozoic Era forces of enormous magnitude

began exerting pressure against the geosyncline from the southeast.

23



Eventually, the nearly flat rocks at the bottom of the geosyncline
began to buckie and fold between the vice-like jaws of the land mass
to the west and forces of compression from the southeast. Breaks
began to appear in the rocks, and large masses of rocks were forced
over one another ip a series of major northeast-southwest-trending
thrust faults.

The rocks of the Cumberland Plateau were stronger than the shales
and limestones of the Valley and Ridge, so the amount of folding and
faulting is much less there, although some folds and faults are
present. However, the rocks of the Plateau generally have maintained
their nearly flat character. Further to the east the faulted, up-
turned and occasionally overturned, softer rocks of the Valley and
Ridge began eroding. The harder sandstone and conglomerate beds began
to form the spines of ridges as the less resistant rocks began to
weather away at a rate much faster than that of the ridge-formers.
Today, these resistant rocks cap the mountains of the Valley and Ridge,
and the shales and limestones form the valleys.

This process of deposition began approximately 500 million years
ago, and it continued for nearly 300 million years, whereupon the
process of folding and faulting was begun, subsequently followed by
erosion.

Stratigraphy

Cambrian (Earliest Pa]eozoic)

Maysville Limestone. This Conasagua age formation crops out in

the vicinity of St. Paul where it takes the form of a dark blue-gray,
thick-bedded magnesian limestone. It is terminated slightly north of

St. Paul where the St. Paul Fault places it in contact with the much
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younger, Pennsylvanian age Lee formation. Its thickness in this area
is estimated to be between 500 and 600 feet (152.4 and 182.9 m) thick.
It is a good-to-fair aquifer, providing water that is usua11y slightly
hard. Near the St. Paul Fault, the broken nature of the rock makes it
more permeable, but also more vulnerable to contamination.
Ordovician

For this report, these rocks have been combined into one group,
the Middle and Upper Ordovician Undivided (Omuu). However, they
consist of the Lowville limestone, the Eggleston limestone, the
Martinsburg (subdivided into the Trénton 1imestone and the Reedsville

shale) formation, and the Sequatchie formation.

Lowville Limestone. The Lowville limestone is a thin-bedded,

fine-grained, drab to light reddish limestone with some argillaceous
beds that weather to a buff-brown. It crops out sparingly along the
axis of greatest uplift along the Powell Valley Anticline.

Eqgleston Limestone. The Eggleston limestone overlies the

Lowville. It consists of an impure, shaly limestone with interbeds
of purer, blue-gray limestone. It is exposed only in Williams Cove
on the lTower slope, and on spurs of Wallen Ridge.

Trenton Limestone {Lower Martinsburg). The Trenton limestone is

a highly fossiliferous, medium-gray 1imestone that overlies the
Eggleston. The upper beds are nodular, and the lower beds are
moderately thick. Some shaly interbeds are within the Trenton. It
forms the middle slopes and the tops of ridges of Wallen Ridge. The
Lowville, Eggleston and Trenton are good aquifers, but the water is
slightly hard, and slightly irony in the shaly beds.

Reedsville Shale (Upper Martinsburg). The Reedsville shale is
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poorly exposed in Wise County due to the faét that it is covered by
debris from harder formations which lie above it. The formation is
composed largely of a gray to yellow crumbly shale with interbeds

of clayey sandstone. The top portion consists of a fossiliferous,
sandy limestone that weathers to a buff, earthy sandstohe. It forms
the Tower part of the steep western slopes of Wallen Ridge from the
Lee County line north for a distance of 2-1/2 miles (4 km), where it
swings around the northeast end of Williams Cove to the slopes of the
foothills on the west side of the cove. It is also exposed in places
~along the low gap in the mountain south of Elk Knob. The Reedsville
is a fair aquifer due to the fine-grained nature of its beds and its
elevation.

Sequatchie Formation. The Sequatchie js a soft red sandstone

that overlies the Reedsville shale and directly underlies the cliff-
making and ridge-forming Clinch sandstone. It is easily eroded due

to the fact that it is slightly calcareous, and crumbles readily upon
weathering. It occupies the upper steep slope and the base of the
‘westward facing escarpment at the top of Wallen Ridge. Its outcrops
are mostly concealed by the talus of the above-lying Clinch sandstone,
which forms the escarpment. It is composed chiefly of soft, red,
calcareous sandstone and sandy shale with a reddish, greenish and
buff argillaceous, sandy limestone at the base. Thé Sequatchie forms
some of the spurs on the northwest flank of Elk Knob, and it also
forms the east slope of River Ridge and other foothill ridges and

spur knobs west of Williams Cove. Few wells are in the Sequatchie
due to its elevation, but wells that have been drilled in it are irony,

and have low yields.
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Silurian System

For the purpose of this report; the Silurian System is combined
into one group, the Silurian Undivided (Su). However, the formations
consist of the Clinch sandstone, the Clinton formation and the Cayuga
Timestone. The Cayuga is subdivided into the Willis Creek and
Tonoloway formations.

Clinch Sandstone. The Clinch sandstone in the Wise-Dickenson

study area consists of alternate beds of quartzite and shale. The
quartzite beds are generally thin, approximately 3 to 6 inches (7.6
to 15.2 cm) thick, but they can be as much as 8 feet (2.4 m) thick.
They are very hard, with the colors mostly white, and occaSiona]]y\
bluish and greenish. The quartzite beds are highly weather resistant,
and they seldom disintegrate or become porous on their exposed surfaces.
Instead, they form a rust-like stain on the surface which penetrates
only very slightly into the rock matrix. By contrast, the interbedded
shale weathers to a soft, crumbly, reddish and greenish, clayey shale.
The Clinch caps Wallen Ridge and also forms the crest of River
Ridge and other foothill ridges to the west. It also forms the west-
facing escarpment at the crest of Wallen Ridge. It then appears on
the east side of the mountain in two rocky spurs flanking Wildcat
Hollow. It forms the tops of linear foothill knobs and low ridges
west of Wallen Ridge. A massive bed of vitreous quartzite at the
south end of the Town of Big Stone Gap is thought to be the upper
portion of the Clinch, where it is believed to dip beneath the Clinton
formation to the west. Here it is faulted against the Helderberg
Timestone to the east. Thick beds of the Clinch appear within the

Clinton formation in the valley of Butcher Creek, where it has been
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brought to the surface on the axis of a minor anticline.

Clinton Formation. The Clinton is'composed of reddish, iron-rich

sandstone and shale. It is the most widespread pre-Pennsylvanian age
formation exposed in Wise County. It is best exposed on the eastern
dip s]ope of Wallen Ridge, where the upper sandstone forms the sloping
face, with many ravines eroded in it. A considerable area of the
formation underiies the flats in and about the Town of Big Stone Gap,
but few exposures can be seen there because of the thick cover of
gravel and soil. Another large area of the Clinton forms the hills
north of the road to Norton 3 to 5 miles (4.8 to 8.1 km) east of the
Town of Big Stone Gap; where its beds are exposed by Butcher Creek.
The Clinton and Clinch formations are fair-to-poor aquifers due to
their massive and recemented nature. Yields are greatest near the
larger streams and rivers, and where faulting and jointing have
provided openings in which water can both move and be stored.

Cayuga Limestone (Willis Creek and Tonoloway). In Wise County,

the Cayuga formation is composed of the Willis Creek and Tonoloway
formations, where it is largely a thin-bedded, finely laminated,
magnesian 1imestone with some thicker dolomite beds, which lie between
the Clinton below, and the cherty Helderberg limestone above. This
formation is exposed in many locations in Powell Valley, especially in
and east of East Stone Gap where many of the hills are capped by the
harder sandstone beds of the Helderberg, and on the steep slopes where
the nearly horizontal Cayuga limestone crops out.

Most of the beds, upon weathering, break into thin s}abs and plates.

Many of the thicker beds show a brecciated or conglomeritic structure.
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The basal bed of the Cayuga can be seen in the North Fork of the
Powell River in the Town of Big Stone Gap. The upper part of the
formation is well exposed on the road east of East Stone Gap, where
thick beds of sandstone and Timestone crop out at road level.

Wells in the Cayuga have fair-to-good yields, but the water is
usually hard.

Devonian System (Middle Paleozoic)

For this report, the Devonian is divided into the following |
Devonian formations: Lower and Middle Devonian Undivided (DImu),
which consist of the Helderberg 1imestone, the Onondaga formation
and the Millboro shale; and Mississippian-Devonian shales (MDs),

which consist of the Brallier shale.

Helderberg Limestone. The Helderberg is a thick-bedded,

siliceous and cherty blue Timestone which overlies the thin-
bedded, light gray Cayuga limestone. It weathers to a highly
fossiliferous, porous sandstone and forms hard cherty masses in a
clay soil matrix. The thickness varies from 40 (12.2 m) to 135
(41.2 m) feet thick. It thins southwestward down the Powell
River, and near the Lee County line it is only 38 feet (11.6 m)
thick.

A granular sandstone with round quartz grains is from 18 to 25
feet (5.5 to 7.6 m) above the base of the Helderberg, forming a
distinctive marker bed within it. The lower sandy beds generally
are well exposed, because they are resistant and cap the hills. The
Helderberg is a good aquifer, especially in the thicker sections.

Onodaga Formation. The Onodaga formation is an approximately

5-foot (1.5 m) thick bed of pure quartz sandstone that lies above
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the Helderberg group and below the Mfi]boro. In Big Stone Gap it is
coarse-grained, calcareous and abundant in brachiopod fossils. It
probably represents a decalcified sandy limestone. The Onodaga is
too thin to be considered a productive aquifer, although a well
terminating in the formation may yield adequate water fed by the
Millboro shale aone it.

Millboro Shale. In Wise County, the Millboro shale is a black,

fissile, carbonaceous, sandy shale that weathers readily, forming
broéd lowlands with few outcrops. It underlies the Brallier for-
mation, but the contact is difficult tb determine because the Bra]]iér
is similar in appearance, and they both are highly weathered, per-
mitting few outcrops. It is believed to be about 200 feet (61 m)
thick, and the Brallier is believed to be approximately 350 feet
(106.7 m) thick in Wise County.

The Millboro is normally black with some zones of dark green, but
it weathers to a light gray. It underlies much of the rolling topo-
graphy surrounding Big Stone Gap.

Brallier Shale. The Brallier is a black and green, fissile shale

which overlies the Millboro and underlies the Mississippian age Price
formation. bThe Brallier is of Devonian age, but the uppermost part
of those rocks thought to be Brallier may be Mississippian. For the
purposes of this report, therefore, the Brallier is mapped as the
Mississippian-Devonian shales (MDs).

The Brallier in Wise County is a dark gray to black, dark green,
thin-bedded, fissile shale with a few thin, dark green sandstone
interbeds. It'is best exposed on State Route 610 on the slopes of

Powell Mountain at the head of Powell Valley, and along the west

34




bank of the Powell River just above the Town of Big Stone Gap. In
both of these locations, the Brallier is approximately 320 feet
(97.6 m) thick. The Brallier and Millboro have low-to-moderate
yields, and the water is irony and occasionally high in sulfates.

Mississippian System

The Mississippian rocks in Wise County consist of the Maccrady-
Price formation, the Newman limestone, and the Pennington group.

Maccrady-Price Formation. The Maccrady-Price formation consists

of a gray, micaceous, medium to thinly-bedded sandstone with interbeds
of thin, crumbly shale, becoming much more shaly toward the top.
These shale beds are red, gray and green, and represent the Maccrady
shale which, due to its thinness and poor exposure due to weathering,
is not mapped as a separate unit for the purpose of this report. The
Maccrady-Price is estimated to be approximately 250 feet thick (76.2 m)
along the Powell River, just above the Town of Big Stone Gap. The
Maccrady forms the top 40 feet (12.2 m).

~The Maccrady-Price is poorly exposed in most places in Wise County,
because it is usually found on the lower slopes of steep mountains up-
held by the resistant Lee formation, and, consequently, it is largely
covered by colluvium from above. At the southeast foot of Stone and
Little Stone Mountains, the Maccrady-Price is best exposed where the
Powell River cuts through it above Big Stone Gap. It is also exposed
east of Minton and Buffalo School.

Newman Limestone. The Newman consists of two distinct parts.

The lower portion, which is approximately 400 feet (121.9 m) thick,
is a massive, oolitic, cherty limestone with occasional thin beds of

greenish, calcareous shale. The upper part, of approximately equal
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thickness, consists of dark blue, green shales and sandstones, some
of which are calcareous.

It is best exposed along the Southern Railroad cut near Big Stone
Gap and along a few road cuts west of Norton. Few other sections of
the Newman can be easily measured, because it crops outkhigh up on the
slopes of Stone, Little Stone and Powell Mountains, where it makes
ledges, benches and cliffs between the more easily weathered for-

mations above and below it.

Pennington Group. The Pennington group consists of the basal
Pennington shale and the Bluestone formation at the top. The Bluestone
consists of red clastics and a few interbeds of gray and greenish-gray
mottled shales. It crops out in extreme northeastern Wise County on
Pine Mountain at the Kentucky border, and similarly extends northeast-
ward in Dickenson County. The Pennington is equivalent to the Hinton
formation in West Virginia, but it will be called the Pennington in
this report.

The Pennington is composed of a fhickébedded to massive sandstone
at the base which changes upwards to a soft, yellow and greenish shale
with some medium to thin-bedded, crumbly, argillaceous sandstone inter-
beds. A few beds are conglomeritic near the middle of the formation,
and they are resistant enough to form hogbacks on the southeast slope
of Little Stone Mountain, approximately one mile (1.6 km) north of
Big Stone Gap. The Pennington forms the upper southeast slope of
Stone and Little Stone Mountains, with the Lee formation forming the
crests. The belt of the Pennington is wider on the southeast side of
Powell Valley than the northwest side, because the dips are more

gentle.
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The Penhington is approximately 1,025 feet (312.4 m) thick near
Big Stone Gap, and approximately 1,163 feet (354.5 m) thick in
Little Stone Gap. |
The‘Mississippian series inVWise County is seldom used as a
source of ground watef in Wise County because of their high eleva-

tions.

Pennsylvanian Series (Late Paleozoic)

The coal-bearing rocks of Wise and Dickenson Counties are of
Pennsylvanian age, and these are from youngest to oldest: The
Pocahontas formation; the Lee formation; the Norton formation;
and the Harlan sandstohe, all of which crop out in Wise County.
The only Pennsylvanian outcrops in Dickenson County are the Lee
and Wise-Gladeville formations.

Pocahontas Formation. The Pocahontas formation is a distinct

formation of gray-to-light-gray, very fine to medium-grained,
micaceous, fe]dspathfc sandstones, shales, coal beds and siltstones
that were previously inc]uded as’part of the younger Lee formation
which lies immediaté]y above it. It underlies the southern half of
both Wise and Dickenson Counties, but it thins toward the north and
is absent in the northern half of both counties. Near the inter-
section of Dickenson, Russell and Buchanan Counties, it is approxi-
mately 500 feet (152.4 m) thfck, but it thins to 350 feet (106.7 m)
in eastern Wise County. This thinning continues toward the west,
where it is approximately 100 feet (30.5 m) thick on the north 1limb
of the Powell Valley Anticline, and only 30 feet (9.1 m) at Big

Stone Gap. Five miles (8.1 km) northwest of Big Stone Gap it is
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totally absent. The Pocahontas coal beds Nos. 1 through 7 are in th{s
formation. In this report the Pocahontas is mapped with the Lee
formation.

Lee Formation. The Lee contains three thick massive sandstone

members that are conglomeritic, particularly near their bases, separ-
ated by shales and occasional thin coal beds. These three beds are
highly resistant to weathering and they are the most prominent ridge
formers in the Cumberland Plateau.

The basal member is nearly all quartz with numerous rounded quartz
pebbles that are usually one-half to three-quarters of an inch (1.25 to
2 cm) in diameter. The purity of these beds contrasts sharply with the
more arkosic sandstones of younger units. The thickness of the basal
unit of the Lee formation is approximately 250 feet (76.2 m) near Little
Stone Gap.

The middle resistant bed in the Lee is called the Bald Rock member,
and it is approximately 160 feet (48.8 m) thick. It is separated from
the basal mémber by a series of thin coal beds, shales and impure sand-
stones. It is approximately 400 to 500 feet (121.9 to 152.4 m) above
the top of the basal unit. _

The uppermost resistant bed in the Lee formation is referred to as
the Bee Rock sandstone member. It is nearly 90 percent quartz, hard,
massive fine to coarse-grained, and markedly crossbedded. It is
approximately 80 to 100 feet (24.4 to 30.5 m) thick, and occasionally
it is conglomeritic.

The total thickness of the Lee is approximately 1,800 feet (548.6
m) in Little Stone Gap and 1,500 feet (457.2 m) thick near Big Stone

Gap. It rapidly thins to the west and northwest. The Pocahontas No.
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8 coal bed lies between the basal member and the Bald Rock member, and
Aily, Raven, Jawbone and Tiller coal beds 1ie between the Bald Rock
member and the Bee Rock member in western Wise and south and central
Ditkenson County. |

The Lee crops out throughout much of the southern portion of Wise
County, and it extends northeastward along the eastern slope of Pine
Mountain north of Flat Gap in Wise County through much of Dickénson
County, where it is terminated by the Russell Fork Fault.

Yields from water wells in the Lee and Pocahontas formations are
moderate-to-Tow, with the shaly members having low yields that also

tend to be irony and slightly acid.

Norton Formation. The Norton lies above the Lee formation and

immediately below the Wise formation. It is composed largely of
shales and siltstones with some interbeds of sandstones and coal
seams. The coal beds within the Norton are the Norton, Hagy, Splash
Dam, the Upper and Lower Banner, and the Kennedy. The top 90 to 130
feet (27.4 to 39.6 m) of the Norton consists of the Gladeville unit
which is a fairly pure quarti;sandstone. It is this formation that
upholds much of the plateau around the Town of Wise, but further to
the north it contains more feldspars, mica and clay, and it is more
easily eroded. Around Wise, the Gladeville unit provides good water,
but the yields are usually low due to the relative thinness of the
beds.

Where the Lee formation's Bee Rock member contacts the Norton
formation, the Norton is 750 to 800 feet (228.6 to 243.8 m) thick in
Wise County, and 600 to 650 feet (182.9 to 198.1 m) thick in

Dickenson. However, as the top of the Lee tongues out, the Norton
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becomes thicker. In eastern Wise County and in central Dickenson
County, the Norton overlies the middie Bald Rock member and its
thickness ranges from 1,200 to 1,300 feet (365.8 to 396.2 m) in
Wise County and 1,100 to 1,200 feet (335.3 to 365.8 m) thick in
Dickenson. In these areas, the Norton formation also has within it
the Aily, Raven, Jawbone and Tiller Coal beds.

The Kennedy coal bed is underlain by a sandstone bed that ranges
in thickness from 50 to 200 feet (15.2 to 60.1 m) thick, and forms
ledges and cliffs along Pine Mountain, where it is occasionally
conglomeritic. The shales of the Norton formation, which constitute
approximately 75 percent of the total thickness, are gray-to-buff,
s]ight]y}micaceous and commonly c]ayey. Water from them is moderate-
to-Tow, and they are commonly irony and acid.

Wise Formation. The Wise formation consists of sandstones, shales

and coal beds, with the sandstones accounting for approximately one-
third of the total thickness. In western Wise County, it is approxi-
mately 2,300 feet (701 m) thick, but thins slightly to the northeast,
where it is approximately 2,070 feet (631 m) thick. In Dickenson
County, only the lower 750 feet (228.6 m) are exposed, with most
exposures occurring on the upper parts of scattered ridges.
Consequently, it is seldom used as an aquifer in Dickenson County.

In Wise County, the Wise formation forms approximately half of the
Pennsylvanian age rocks, where it crops out extensively on the

slopes of Black Mountain, and in the west, central and north-central
portions of the County. Water well yields are moderate, with the
sandstone beds in the southern portion of the County providing the

best yields.
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A hard, white sandstone ranging in thickness from 20 to 50 feet
(6.1 to 15.2 m) is approximately 200 feet (61 m) above the base of
the Wise, and a hard, fine-grained sandstone lies about 1,000 feet
(305 m) above the base in Wise County. Most of the remaining section
consists of olive, gray and brown shales and sandstones, with some
interbeds of claystones, some of which display varicolored laminae.

Harlan Sandstone. The Harlan is the uppermost Pennsylvanian

formation in Wise County, cropping out on Black Mountain and many
high spurs in northwestern Wise County. It is absent in Dickenson
County. Its basal unit consists of a massive, occasionally con-
glomeritic sandstone ranging in thickness from 40 to 60 feet (12.2
to 18.3 m). Another very massive, pinkish, extremely hard,‘
conglomeritic sandstone lies above the basal member. It is about
100 feet (30.5 m) thick, and it is quite prominent along Looney
Ridge. The total thickness of the Harlan sandstone is approximately
880 feet (268.2 m) thick, with the best exposures descending from
the crests of Black Mountain.

Quaternary System

Recent age deposition of boulders, gravels, sands, silts and clays
have formed terrace and flood plain deposits throughout many valleys
and along all major streams in Wise and Dickenson Counties. These un-
consolidated deposits seldom accumulate to thicknesses of more than 20
feet (6.1 m) in the coal fields, and are limited in width due to the
narrow, steep-walled valleys in which they are formed. In Powell
Valley, broad areas of lowlands are deeply covered with stream
deposits. This is true not only along the Powell River from Big Stone

Gap south to the county line, but also in the valley of Beaver Dam
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Creek and at the head of Butcher Creek. Water wells that are exclusively
in alluvium are highly subject to contamination and loss of water during
times of drought. Alluvial deposits are best used as sources of re-
charge to the underlying formations below them.
Structure

General. Geologic structure is important to the understanding of
the geohydrology of an area, for it can provide clues as to the move-
ment of ground water, the tilt or dip of aquifers at depth, and the
fractured or broken nature of aquifers at depth. By understanding the
structure, often it is possible to locate aquifers at a new location
by projecting aquifers with known characteristics at a remote site to
the new location. This process is complicated by minor folding and
the thinning and tonguing of some beds, but in other cases it can serve
as a valuable tool to predict ground water production.

Folds - Wise County

Powell Valley Anticline. The Powell Valley Anticline is a

great, broad arch in the rocks that enters Wise County from the south-
west part of the County and plunges northeastward. It is strongly
asymmetrical, as can be illustrated by the basal conglomerate of the
Lee, which dips from 60° to 90° to the northwest on Stone and Little
Stone Mountains, and dips gently from 20° to 40° to the southeastern
Powell Mountain.

It is the Powell Valley Anticline that is responsible for intro-
ducing the pre-Pennsylvanian rocks to the surface in Wise County. They
form the floor and slopes of Powell Valley, with the younger, coal-rich

rocks having been eroded away.
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Middlesboro Syncline. The Middlesboro Syncline is a broad

shallow trough that extends through northern Wise County in a northeast-
southwest direction. 1In the vicinity of Norton, it is approximately 14
miles (22.5 km) wide, and it extends for approximately 140 miles
(225.3 km) from the Breaks of Sandy in Dickenson County far into
Tennessee. It has been of great importance to the economy of Wise
County, for it has provided a protective envirdnment for the preser-
vation of some of the thickest and purest coal seams in the County.
This fold, too, is asymmetrical, with the northwest Timb dipping
from 20° to 40° to the southeast along Pine Mountain crest, and
ranging from 0° to 10° to the northeast in the trough and southwestern
Timb, respectively.

Gladeville Anticline. The Gladeville Anticline is the shar-

pest fold in the rocks in the coal fields north of Powell Mountain.

It brings to the surface the resistant conglomerates of the Lee
formation directly west of Wise, where it forms an elongated dome along
its axis. Another similar dome is located in Indian Gap. The axis is
'extremely straight for a distance of approximately 12 miles (19.3 km).
This has probably determined the straight course of Indian Creek, which
is an unusual drainage feature for this area.

When the Gladeville Anticline branches from Powell Mountain, it is
quite symmetrical, but as it extends further northward it becomes
asymmetrical, with steeper dips on the western limb, and slight dips
on the eastern.

Buck Knob Anticline. The Buck Knob Anticline is a north-

south fold that begins at the mouth of Lick Branch of the Powell River,

extending across the forks of Pound River. It, too, is asymmetrical,
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with the western 1imb dipping much more than the eastern,

Dorchester Syncline. This fold is a northerly-trending
trough that extends from Dorchester to fhe eastern slopes of Pine
Mountain. It is asymmetrical with the eastern 1imb dipping from 10°
to 40°, and the western limb dipping approximately 10°. Where it
crosses the Middlesboro Syncline's axis, approximately 2-1/2 miles
(4 km) southwest of Pound, it formska depression of approximately 250

feet (76.2 m) deep.

| Faults - Wise County.

St. Paul Fault (Hunter Valley Fault). The St. Paul Fault is

one of the most extensive thrust faults in the Appalachian Region.
Its total length is 370 miles (595.5 km) and has a vertical displace-
ment of approximately 15,000 feet (4,572 m) in southeastern Wise
County, where Ordovician l1imestones come in contact with the over-
turned beds of the Pennsylvanian-age Lee formation. .In Wise County,
it extends through the St. Pau] area.

Pine Mountain Fault. The Pine Mountain Fault trace appears

approximately one-half mile (0.8 km) northwest of the crest of Pine
Mountain, and does not appear in Wise County, although its effect upon
the geologic structure of Wise County has been profound. The St. Paul
and Pine Mountain Faults represent the southeastern and northwestern
boundaries of the Cumbef]and Block. The 1lifting of this block has
resulted in the erosion of vast areas of coal deposits that extended

southeast of the present coal fields, where they now are terminated by

the St. Paul Fault.
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Dip - Dickenson County

Throughout most of Dickenson County the beds dip to the northeast
at a modest attitude of approximately 50 feet (15.7 m) per mile
(1.61 km). A few large open folds modify this dip, as well as some
areas of localized minor folding.

Folds - Dickenson County.

Middlesboro Syncline. Much of Dickenson County lies within

the broad gentle Timbs of the Middlesboro Syncline, which runs south-
westward from Russell Fork to Tennessee. It is from 12 to 20 miles
(19.3 to 32.2 km) broad, and rests between Pine Mountain on the north-
west and the Sourwood Anticline at the southern portion of the county.
The axis tends to fo]]ow.the valley of the Pound River.

Sourwood Anticline. The axis of the Sourwood Anticline is

in Russell County, but the northwestern 1imb extends approximately

3 miles (4.8 km) into Dickenson County, where the strata dip to the
northwest and west at a rate of approximately 250 feet (76.2 m) per
mile (1.61 km).

Faults - Dickenson County.

Pine Mountain Fault. The Pine Mountain Fault is terminated

near the Breaks of the Big Sandy in northeastern Dickenson County

where the vertical displacement is from 600 to 800 feet (182.9 to

243.8 m), and there is no evidence of overfolding. In the northwestern
portion of the county, the displacement is from 5,000 to 5,300 feet
(1,524 to 1,615.4 m) and is overfolded. It is believed that the reason
the great Pine Mountain Fault and the ridge that is formed are
terminated so abruptly in northeastern Dickenson County is due to the

Russell Fork Fault.
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Russell Fork Fault. The Russell Fork Fault differs from the

St. Paul and Pine Mountain Thrust Faults described above in three
ways. First, it is steeply dipping, with dips ranging from 75° to
vertical, and secondly, it strikes to the northwest, perpendicular to
the northeasterly-trending thrust faults. Also, the amount of vertical
displacement is quite small when compared to the thrust faults. The
vertical displacement seldom exceeds 200 to 300 feet (60.9 to 91.4 m)
as compared to the 15,000 feet (4,572 m) commonly seen a]ong the St.
Paul Fault. The displacement along the Russell Fork Fault has been
lateral, with the southwestern block moving toward the northwest
relative to the northwestern block. The actual displacement is un-
certain, but it might be as great as that of the St. Paul Fault, which
is believed to be as large as 6 miles (9.7 km).

Hydrologic Cycle

The source of all ground water begins as evaporation from the seas,
surface streams, ponds, lakes, rivers, plants, soils and moisture from
the atmosphere. The sun draws this moisture from all of these sources.
Eveﬁtua]]y, the atmosphere can no longer contain this moisture and
precipitation occurs.

Unless extreme temperature, topographic or soil conditions exist,
this precipitation largely takes the form of surface runoff, quickly
finding its way to streams, rivers, and lakes. Since the earth is
largely covered withvwater, much is reintroduced directly to the seas.

Some water, however, manages to soak directly into the ground to
recharge the water table. Water from streams and rivers also soaks
into the ground, and it is often a major source of recharge for near-

by aquifers. The route that this water takes in reaching the water
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table is as complex and varied as the rocks and soils through which it
travels. This downward migrating water follows bedding planes,
fractures, joints, solution cavities and seeps through the voids and
often minute openings of the rock matrix itself.

Once the top of the water table is reached, the wéter has not
completed its journey, because the water table, which represents the
top of the water-saturated zone in an aquifer, is a dynamic environ-
ment. Water in the saturated zone flows from aréas of higher topo-
graphy to Tower, and the water table often rises and falls due to
seasonal fluctuations in precipitation. It is possible for water
tables to be "perched" (see Plate No. 9). Under these conditions,
ground water is trapped by a nearly impervious formation far above the
regional water table. Such conditions can occur in Wise and Dickenson
Counties, but the area of recharge is so small and the runoff so great
that such aquifers can produce only small amounts of water before they
run the risk of drying up.

Water Well Location

 General. When Tocating a water well, the chances of encountering
an adequate supply of water are enhanced by careful consideration of the
following items: aquifer characteristics, availability of recharge and
topography.

Aquifer Characteristics. An aquifer, or water-bearing formation

or stratum, has certain physical properties that contribute to its
water-yielding properties. The two most important are porosity and
permeability. ;

Porosity refers to thé amount of open space that lies within the

matrix of the aquifer. Coarse, unconsolidated deposits, such as
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gravels with little fine, intermixedvmateria], are extremely porous,
while a sandstone that has been recemented is almost impervious.
Generally, the more angular the deposit grains become the more porous
the deposit becomes. |

The permeability of an aquifer is a measurement of the ability
of water to travel through that aquifer. Generally, the more porous
an aquifer becomes the more permeable it becomes. There are exceptions,
however, so they must be considered together. A shale, for example,
is often composed of angular, extremely fine-grained particles, and,
consequently, they are often porous. The small size of the voids with-
in the rock prevent rapid movement of water within it, and, consequently,
most shales are fair to poor aquifers.

The matrix of a limestone is usually quite solid unless it has been
attacked chemically, forming caves, solution cavities and voids. In
this case it can often be considered the most permeable of rocks, trans-
mitting large volumes of water long distances in a short periof of time.

Fractures within a rock, caused by jointing, folding, and faulting,
can greatly enhance that rock's permeability and porosity. In many
cases such breaks account for most of the ability of a rock to store
and transmit ground water. Often, the more brittle, quartz-rich rocks
exhibit a degree of fracturing that is greater than the softer, more
plastic shales. The knowledge of nearby intensive folding and faulting
can, therefore, point out the likelihood of increased rock fracturing
and the chance of greater yields.

Availability of Recharge. Recharge refers to the replenishment

of ground water by either natural or artificial means. Artificial,

or man-made, recharge is a solution to ground water depletion that
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should be done under the most extreme caution, lest the entire aquifer
becomes contaminated and unsuitable,

Natural recharge can be enhanced by slowing runoff by retaining
vegetation on steep slopes, reducing the grade of slopes and not
interfering with the normal ability of streams and rivers to feed
the aquifers below.

When locating a well, the source of recharge should be a primary
consideration. The availability of nearby rivers or springs to
replenish the ground water is often a good sign of a productive well.
If no streams are nearby, then the location of a well in a draw is
advisable, because they are often formed by ancient streams and may
indicate ground water flow.

Topography. Topography plays an eXtreme]y important part in
well productivity in Wise and Dickenson Counties, particularly in
the coal fields. It is almost a universal rule of thumb that "the
lower the better." That is to say, those wells that are drilled
in topographically low areas have a greater chance of being pro-
ductive than wells on the higher elevations, because there is less

drilling before the water table is encountered.
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* CHAPTER IV
GROUND WATER QUALITY
General

The best ground water in the Wise-Dickenson County area lies
within the confines of Powell Valley, especially within the Middle
Ordovician Limestones. The ground water from these formations does
exhibit, however, some of the drawbacks common to most carbonates;
namely, it is often moderately hard to hard, and it is highly
susceptible to contamination. Carbonates are chemically active,
reacting with rainwater containing oxides of carbon, nitrogen and
sulfur that it has absorbed from the atmosphere. The result of
this chemical attack is often an interconnected web of solution
cavities, voids and caves. Consequently, ground water in carbonate
formations often moves quickly over long distances without the
natural filtration inherent in many other aquifers.

The sandstones and shales of the coal fields often have ground
water that is irony, moderately hard and acid, and they may be
discolored and malodorous. Bacterial contamination, as a rule, is
less of a problem in this area than in the limestones and dolomites
of the Powell Valley, except for shailow or podr]y constructed wells.
Strip mining and deep mining operations often have a deleterious
effect upon both surface and ground waters in the area.

It is a general rule of thumb that ground water from depths
greater than 300 feet below the valley floors is of a poorer
quality than the water above that depth, due in large measure to an

increase in salinity. This applies throughout the Wise-Dickenson
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area, but it seems particularly true 'in the Cumberland Plateau

Province.

A listing of chemical analyses is given in Appendices C and

Iron

Iron is one of the earth's most abundant elements, and it is
found, at least in trace amounts, in almost every rock formation._
The characteristic buff, brown, yellow and reddish colors of
weathered rock are often due to the oxidation of iron compounds in
the rock. This phenomenon often can assist a well driller in
lTocating the lowest depth to which the water table has dropped for
an appreciable period of time. By Tooking at the cuttings a driller
can tell when they change from the above-mentioned earthy colors to
darker browns and grays. This indicates the limits of oxidation
from oxygen in the atmosphere. Below the level of fhis color change,
the constant presence of water has inhibited most oxidation.

Irony water can cause the staining of clothes and porcelain,
and if the concentration of iron is high enough, it can discolor
the water and even leave a reddish-brown deposit after standing for
a while. If the water is acid; then this problem is even more acute.

The recommended maximum 1imit for iron concentration as set
forth by the Virginia Department of Health is 0.3 milligrams per
Titer. This is the concentration above which staining begins,
although a slightly astringent taste can be detected with concen-

trations as low as 0.1 milligram per liter.
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Iron concentrations can be"réduced by casing of f highly
weathered zones where oxidation of iron compounds is great, and
by also casing off coal seams where pyrite (iron sulfide) is
often present and which can contribute both iron and compounds
of sulfur to the ground water.

When iron becomes a serious problem the use of iron filters
may be employed. However, if manganese is present, and it often
is, it can quickly block up the iron filter, making it, for all
intents and purposes, useless. This problem can be overcome by

placing a manganese filter ahead of the iron filter. Another
method for treating iron in the water is to aerate it and then
filter it through a sand filter.
Sulfates

The Virginia State Department of Health has set an upper limit
of 250 milligrams per liter as the maximum recommended amount of
sulfates in drinking water. The oxidation of iron sulfides, which
are abundant in certain coal seams, leads to the formation of
ferrous and ferric sulfates, and sulfuric acid. The resulting
compounds often emit a sulfurous odor and impart an extremely
unpleasant taste to water which contains them. . The su]fqric ion
of some sulfate salts produces a laxative effect in humans,
particularly among new users who have not had an opportunity to
become acclimated to sulfate-rich waters. Other sulfates that may
be present in the ground water are those of potassium, sodium and

calcium.
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Sulfates are located in ground water throughout the coal fields
of the Wise-Dickenson County study area, but from the amount of data
available, no discernable pattern of high sulfate ground water can
be spotted. It would be safe to say, however, that those wells that
penetrate high sulfur coal beds are much more likely to be richer in
sulfates than those that do not. Some of the beds of shale in the
coal fields have sulfates in them, but it is difficult to determine
if this is inherent in the rock formations themselves, or from their
close association with sulfurous coal beds.

In Powell Valley, sulfates are far less of a problem than in the
coal fields, but some beds of shale appear to have a higher than
average sulfate content. This seems to be particularly true in the
Devonian age Brallier formation (see Plate 5).

- The best method to minimize sulfate problems in ground water is
to case those zones that have the highest potential for sulfate
contamination. Filters are available to remove sulfur compounds, and
they may be the best method of treatment for existing wells with
continuous sulfate problems. Water softeners have little effect in
removing sulfates from drinking water.

Manganese

Manganese compounds are common to many rocks and soils, where
they can occur in both the divalent and trivalent forms. Manganese
chlorides, sulfates and nitrates are quite water soluble, whereas
the oxides, carbonates and hydroxides are only slightly soluble.

In the reducing environment of ground water, manganese compounds can

be leached from the overlying soil, concentrating in the ground
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MANGANESE IN MG/L FROM WELL SAMPLES IN DICKENSON COUNTY
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water. In such circumstances, the mandanese is often associated
with iron.

The Virginia Departmeht of Health recommends that the concen-
tration of manganese in drinking water not exceed 0.05 milligrams
per Titer. In greater amounts, the water begins to have an un-
pleasant taste, and it causes dark stainé on plumbing fixtures and
laundry. |

Manganese can quickly impair iron filters, so special pre-
cautions should be used in-installing ion exchange filters to ensure
that either the manganese concentration is quite Tow, or a manganese
filter precedes the iron filter. Chemical precipitation and aeration
are also effective measures used in the treatment of manganese in
water. Plates 14 and 15 show the concentration of manganese‘in Wise
and Dickenson Counties, respectively.

Gases | |

The gases methane and hydrogen sulfide are not uncommon to the
ground water in the coal fields of Wise and Dickenson Counties.
Methane is believed to be a byproduct of the release of organic
compounds associated with‘coal seams, whereas hydrogen sulfide may be
formed from chemical reactions with sulfur compounds within the coal
seams. They can be detected by the presence of bubbles within the
water, and, in the case of hydrogen sulfide, a strong "rotten egq"
smell. Due to the fact that methane is an odorless, colorless,
tasteless gas which can be quite explosive, it is the more insidious
of the two. In the coal fie1dé of the Wise-Dickenson County study
area, it is recommended that wells be provided with a vent to the

outside of the well house as illustrated in Plate 22.

71



Aeration will remove the malodorous hydrogen sulfide and
potentially exp]osiye methane from ground water before they can
accumulate in storage tanks and hot water heaters.

pH, Alkalinity and Corrosion

The pH of a water is measured by a scale that ranges from 0 to
14, with numbers below 7 being acid and above 7 indicating that the
water is alkaline. The higher the number above 7 the more alkaline
the water becomes, and conversely, the smaller the number below 7
the‘more acid the water becomes. The number 7 itself is neutral.
In the coal fields of Wise and Dickenson Counties, most ground
waters are on the acid side. The Virginia Department of Health has
a secondary po]iutant standard of a pH range of 6.5 to 8.5 for
drinking water in the Commonwealth. This is based on aesthetic
considerations, such as taste, as opposed to health considerations.

The alkalinity of water is a measurement of its ability to
neutralize acids. It is due largely to the presence of carbonates,
bicarbonates and hydroxides. It usually is associated with water
that is hard, high in disso]&ed so]ids, and has high pH values.
Although alkalinity is not a major problem in the Wise-Dickenson
study area, some of the ground water in Powell Valley, especially
among the carbonates, shows modest amounts of alkalinity. The
State Water Control Board water quality criteria range from 30 to
500 milligrams per liter for the Valley and Ridge Physiographic
Province, and from 30 to 200 milligrams per liter for the Cumberland

Plateau.
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pH OF WELL WATER SAMPLES IN WISE COUNTY
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pH OF WELL WATER SAMPLES IN DICKENSON COUNTY
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Corrosion problems seem to increase as pH values fall. In areas
with a Tow pH, especially if salt and hydrogen sulfide are present,
the effects of corrosion can be reduced by using plastic pipes, glass
Tined tanks and brass fittings. Although individual domestic water
seldom is treated for Tow pH values, it is possible to raise the
water's pH values by adding lime or soda ash. Low pH values for
water used in the manufacture of carbonated beverages are beneficial,
but the same water can cause corrosion of concrete. As noted above,
water that is high in alkalinity also is associated with high pH
values, high dissolved solids and hardness. Therefore, water that is
high in alkalinity tends to form deposits known as “"scale," in hot
water heaters, pipes and boilers.

Chlorides

Most of the chlorides found in Wise and Dickenson Counties are
chlorides of sodium that remained within the rocks when they were
formed from seaborne sediments. The action of rainwater has removed
most of the chlorides from the upper layers of rock, but grouhd water
that is lower than 300 to 400 feet (91.4 to 121.9 m) be]ow stream
Tevel becomes increasingly saline.

The Virginia Department of Health recommends that chlorides in
drinking water not exceed 250 milligrams per liter due to taste
considerations. Chlorides exhibit vigorous corrosive activity toward
iron, steel and aluminum.

To reduce the amount of chlorides, it is recommended that water
wells do not penetrate much beyond 300 to 400 feet (91.4 to 121.9 m)

below the stream levels. Also, special care should be exercised in
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Tccating water wells in areas where 0il and gas exploration wells
have been drilled, because they can act as conduits for the upward
migration of salty ground waters from the depths. This also applies
to coal mine test boring activity, in which the borings have been
improperly plugged to prevent aquifer contamination.

Hardness

Hardness refers to the soap-neutralizing power of a water. In
most areas, calcium and magnesium ions are the principal causes of
hardness, a]thoqgh any substance that forms an insoluble curd with
Soap causes hardness. The State Water Control Board water quality
criteria recommend that hardness not exceed 300 milligrams per liter
for the Valley and Ridge Physiographic Province, and 180 milligrams
per liter for the Cumberland Plateau.

Since hardness is due mostly to calcium and magnesium ions within
the water, the beds of limestone and dolomite within Powell Valley are
the aquifers that exhibit the hardest waters in the study area. Some
of the shales in the coal fields are moderately hard, while most
sandstones have moderately soft water.

Hard water forms deposits on hot water heaters, boilers, water
pipes and cooking utensils. Most water softeners will effectively
soften waters that are hard due to calcium and magnesium ions, but
have 1ittle effect upon acid, irony or sulfurous waters. In such
cases, hardness can be best reduced by treating the water by the
appropriate means only after chemical analysis has revealed the

makeup of the water in question.
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CHLORIDES IN MG/L FROM WELL SAMPLES IN WISE COUNTY
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Total Dissolved So]ids

Total dissolved soTids are comprised of all dissolved matters
within a water. The Virginia Department of Health has a recommended
secondary pollutant Timit of 500 milligrams per liter for total
dissolved solids in drinking water. It may be possible for water
to contain tompounds or combinations of compounds that make that
water unsafe or unpleasant to drink and still meet the recommended
level of total dissolved solids, so a thorough analysis is advisable.

Water that is high in dissolved solids can have an unpleasant
taste, cloudiness and an undesirable color. It also can leave
deposits on cooking utensils and hot water heaters, and it can cause
foaming in boilers. Water that is high in dissolved solids can have
a deleterious effect’upon livestock and poultry, especially if they
are‘exposed to it for a‘prolonged pefiod of time.

Water from deeper aquifers tends to be higher in dissolved
solids, usually due to salts within the']ower aquifers.

Nitrates |

Nitrates are almost never found naturally in rocks. They almost
always occur as a byproduct of man-made activity, such as the appli-
cation of chemical férti]izers or the discharge of certain effluents
from sewage treatment plants or industrial processes.

Nitrates are quickly converted to organic nitrogen in the
presence of sun]ight, but in ground water this cannot occur. The
Virginia Department of Health has a recommended 1imit of 10 milligrams

per liter of nitrate as nitrogen. Because certain infants may be
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subject to infant methemog]obinemj@,_or the so-called "blue baby

(1]

disease," it is especially important that they not be exposed to
nitrates above this amount.

Nitrates are not a problem in Wise and Dickenson Counties, but
the potential for pollution due td the misapplication of chemical

fertilizers in those areas of the counties subject to farming does

exist.

Turbidity and Color

Turbidity is caused by small particles, such as soil, coal fines
or rock powder, suspended in the water. It is often reflective of an
improperly constructed well or a well thét has been disturbed by
mining, blasting or construction activity. Casing and grouting are
designed to prevent such particles from reaching the ground water in
wells, so turbidity may be a warning that the well may be subject to
bacterial contamination. Such wells should be tested for bacteria
by the respective County Health Departments. Well water that is
consistently turbid can be treated by filtering.

Water color is caused by compounds dissolved within them. The
two principal culprits are iron, which imparts a reddish color, and
manganeSe, which causes a blackish color. Treatment for the
offending compounds also clarifies the water.

Bacteria

Bacterial contamination of ground water results from septic
tank systems, privies, dumps, leaking sewers and surface waters that
have not undergone natural filtration through the overlying soil or

the aquifer.
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TOTAL DISSOLVED SOLIDS IN MG/L FROM WELL SAMPLES IN WISE COUNTY
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TOTAL DISSOLVED SOLIDS IN MG/L FROM WELL SAMPLES IN DICKENSON COUNTY
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CarbonafeS'(limestones and dolomites) have a great potential for
bacterial contamination, because the caves, voids and solution
cavities that form within them do not act as a natural filtering
medium, and contaminated waters can travel large distances in a short
period of time through them. Wells, especially shallow wells, located
adjacent to major streams also may be highly vulnerable to bacterial
contamination.

Dysentery and gastroenteritis, which can cause nausea, abdominal
cramps and diarrhea, are the most common diseases transmitted by
bacteria-polluted ground water. The new user is especially subject
to the effects of polluted ground water, because continued use over
an extended period of time enables many users to develop a tolerance
to the bacteria's effects. Wells that may be suspected of harboring
bacteria should be checked by the County Sanitarian from the County
Health Department. The Sanitarian also can assist in 1ocating new
wells and in placing septic tank drainfields and privies.

Bacterial contamination of water wells can be avoided in most
cases by proper placement uphill from septic systems and privies,
casing and grouting to bedrock, and installing a sanitary well seal.
In those cases where the aquifer itself is contaminated, the in-
stallation of a chlorine contact tank may be necessary.

Plate 22 is a diagram of a typical water well with casing and
grouting to bedrock and a sanitary well seal. The chances of
pollution are greatly reduced if casing is set in bedrock and grout

is installed to a depth of at least 50 feet (15.3 m).
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L CHAPTER V
GROUND WATER DEVELOPMENT

Present Use

Nearly all small developments, businesses, schools and domestic
dwellings that lie outside the major towns in Wise and Dickenson
Counties'depend upon wells for their supply of water. Few problems in
obtaining adequate supplies are encountered in Powell Valley, because
the slopes of Powell Mountain, Stone Mountain and Little Stone Mountain
direct runoff toward the thick soil cover and alluvial deposits that
cover the valley floor, enhancing recharge. Most wells in this area
that fail to provide adequate yields are quite shallow, and the water
table will occasionally fall below them during times of extended drought.

In the coal fields of Wise and Dickenson Counties, the largest-
yielding wells are usually associated with coal mining operations.
These wells tend to skew the data toward higher than normal yields,
because inadequate yields are usually not reported.

Appendices A and D show the location of key water wells in Wise
and Dickenson Counties, respectively, that are on record with the State
Water control Board, and Plate Nos. 23 and 24 show recorded yields in
those counties. Many of these yields are industrial or commercial
wells, because pump tests are seldom performed or needed for domestic
supplies. As is to be expected, the higher yields are in the broader
valleys that are stream-fed.

Domestic Wells

Most domestic wells in Wise and Dickenson Counties range in depth
from 150 to 250 feet (45.7 to 76.2 m) deep, although a few are less
than 50 feet (15.2 m) or more than 500 feet (152.4 m) deep.
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| During times of drought or seasonal lowering of the water table,
usually in late summer, some of the shallower wells experience Tower
yields and a deterioration in quality. The latter usually is caused
by increased pumping required to meet the needs of the user, which in
turn may increase the radius of influence of the well (see Plate 22)
and bring in water from less potable zones.

Plate 22 shows a diagram of a typical water well, cased and

“grouted to bedrock, and with a gas vent to the outside of the well
house. - This latter feature is important to the wells located within
the coal fields of both Wise and Dickenson Counties, where methane may
accumulate, especially in those wells that have penetrated coal seams
that have not been cased off.

Domestic wells have a greater likelihood of adequate yields if
they are located in topographically low areas, but such locations are
prone to contamination from privies and septic tank drainfields which
may be above them. The local County Sanitarian from the County Health
Department will assist in the location of new domestic wells, as well
as the siting of septic tank drainfields.

Water wells in Wise and Dickenson Counties seldom should extend
300 to 400 feet (91.4 to 121.9 m) below the valley floors, because
the weight of the overburden tends to close down the openings neces-
sary for ground water storage and transportation, and the quality of
the water deteriorates beyond this depth, with the water becoming
increasingly saline.

Larger Industrial and Public Supply Wells

No well can extract from the ground more ground water than the

underlying aquifers are physically capable of yielding, but careful

*
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WELL YIELDS IN GALLONS PER MINUTE IN WISE COUNTY
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WELL YIELDS IN GALLONS PER MINUTE IN DICKENSON COUNTY
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site selection and a variety of techniques can be employed to obtain
the maximum yield without harming the aquifer.

The Targer stream-fed valleys provide the best areas for the
development of higher yielding wells required by public supplies
and industries. Often a single well is inadequate, but a series of
widely spaced wells pumping alternately may supply the requirements
of the larger users. Alternate pumping prevents the excessive
Towering of the water table in a small area and provides the
economic advantage of extended pump life. Such a system also
ensures a continuous flow, allowing pump replacement or other well
work to take place without complete disruption to the system.

Larger yields often can be obtained by using larger than normal
well diameters. The 8-inch (20.3 cm) or 10-inch (25.4 cm) diameter
opening may provide the difference between an adequate or inadequate
yield when compared to the standard 6-inch (15.2 cm) well diameter.
Increasing the diameter of a well seldom provides a dramatic increase
in yield, but it may be beneficial to use them when supplies are
marginal to slightly inadequate.

Another method to increase yield involves the use of blasting
to fracture the aquifer at depth, thereby increasing fhe permeability
and porosity of the rock. Such attempts are usually expensive,

localized and provide mixed results at best.
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CHAPTER VI
GROUND WATER PROBLEMS

General

Both the domestic and industrial extraction of ground water from
beneath the Wise-Dickenson County area can create problems with the
quality and quantity of those waters. Surface activities can also
have a profound effect upon the water that lies beneath them. It is
the purpose of this chapter to point out those actions that may be
harmful to the ground water, some methods to prevent such abuses,
and to tfy to create an awareness as to the value of ground water and
its delicate nature. |
Overpumping

‘An aquifer is overpumped when the amount of ground water taken
from it exceeds the amount of recharge to it. It may be either
localized or regional, and its duration may be short-term or long-
term.

Short-term overpumping, especially if confined to a local area,
may not be particularly harmful to an aquifer, and the benefits may
outweigh the harm if, for example, the overpumping is necessary to
meet the water requirements during the time of a drought.

Long-term overpumping lowers the water table and can affect
both ground water users and the aquifers. The lowering of the water
tab]e‘initially can cause the shallower wells to go drys and bring
about a deterioration in ground water quality by bringing up saline

waters from deeper formations.
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Long-term overpumping is not necessarily confined to intense,
large-volume users; it can be caused by numerous, small-volume
consumers confined to a small area. The steep ridges that form
between the valleys in the coal fields often act as barriers to the
aquifers below them, permitting little lateral flow of ground water.
Therefore, development in one valley can seriously reduce the ground
water availability in that particular area while the adjééent valley
is largely unaffected.

Most water wells will provide clues that they are becoming dry by
showing increased turbidity, discoloration or altered taste, although
the user may not know the cause of the water's deterioration.
Occasionally, the Towering of the pump may be all that is required,
but a chronic or seasonal lowering of the water table resulting in the
loss of water or a decrease in quality may be rectified by either
drilling the existing well deeper or drilling a new, deeper well.

Industrial Activity

Industrial activity, both at the surface and at depth, can have
a profound effect upon surface and ground water. Mining operations
and their ancillary activities pose the greatest threat to the ground
water in Wise and Dickenson Counties.
Dewatering

One of the more serious hazards is that of dewatering, in which
mining activities beneath an aquifer will drain it, causing any wells
within it to go dry. This is an event that neither party wants.
Mine water imposes an economic burden as well as a safety hazard.

Most mine water is removed from the mine by pumping, which is the
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most economical and efficient method of dealing with it. However,
such a procedure does nothing to restore the aquifer and probably
speeds its dewatering. Attempts to grout or seal all but the
smallest inflows are expensive, dangerous and may prove ineffective.

Most drift mines in the valley walls are above the water table,
and few wells find productive zones above them. Mines that are
deeper than 400 feet (121.9 m) below the valley floors usually have
few problems with significant water inflows, because the weight of
the rocks above them closes down the openings that can transmit
ground water.

Dewatering of water wells in the coal fields that occurs
suddenly, particularly in wells that are deep or have no history
of trouble, is often thought to be related to mining activity.
Although the likely cause is suspected in such cases, the ability
to prove the cause, and particularly the source, is extremely
difficult.

Protection of Aquifers

Mine shafts, exploratory drill holes and abandoned water wells
can be sources of aquifer contamination, permitting the upward and
downward migration of ground water.

The proper abandonment procedure for a water well is as follows:
(1) Casing and screen materials may be salvaged. (2) The well should
be checked for obstructions that may interfere with sealing operations.
(3) The well should be thoroughly chlorinated prior to sealing. (4)
The well should be completely filled with cement grout or dry clay

compacted in place. The grout should be composed of no more than
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5-1/2 gallons (20.8 1) of water per bag of Portland Cement, and should
contain no sand since this increases the porosity of the grout.

Deterioration of Ground Water Quality -

Water quality can be lowered by a variety of factors. It has
been explained above how overpumping and subsurface mining activities
can bring about a lowering of the water table and subsequent
deterioration in the ground water.

Surface activities can also cause ground water contamination.
They can be either industrial or private. The denuding of vege-
tation for surface mining activities and construction activities
can cause siltation of streams and increases runoff, reducing ground
water recharge. Mining operations can increase iron and acidity by
exposing coal in underground workings and refuse piles on the surface
to oxidation, releasing them into the ground water.

Blasting and construction activities can cause turbidity in
adjacent wells, although often the wells will regain much of their
clarity after such operations are terminated.

The 1imestone beds of Powell Valley and the St. Paul area are
vulnerable to bacterial contamination, because the chemically-active
nature of the rocks often will cause them to be filled with inter-
connecting voids, solution cavities and caves that can transmit
contaminated water over long distances in a short period of time
without undergoing the natural filtration inherent in many other
types of aquifers. |

In the coal fields this is less of a problem, although improperly

constructed wells may pick up surface bacteria, and wells that are
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improperly located near privies and septic tank drainfields are
vulnerable to bacterial contamination.

Landfills and Dump Sites

The threat to ground water from leaking 1éndf111s and dump sites
is just now becoming widely Eecognized. A growing number of materials
that are toxic to humans and the environment, the refuse of a growing
population, and the diminishing availability of suitable land for
proper disposal for them, all conspire to endanger ground water
supplies. "

The selection, design and operation of such sites must be done
with sufficient preparation, review and monitoring to ensure that
ground water is protected. '

Once ground water is contaminated, itvmay remaih so permanently,
since it lacks the self-cleaning mechanisms of surface water.

The cost will not be cheap, but it is far less expensive than the

price of reclamation, or having an aquifer permanently destroyed.

|
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CHAPTER VII
CONCLUSIONS AND RECOMMENDATIONS

With the anticipated demand for increased coal production to help
meet the nation's independent energy needs, the WiSe-Dickenson County
area will experience an ever-increasing demand upon its water supplies.
The need for ground water also will increase to supply the industrial,
particularly mining, and the domestic needs. However, unless suffi-
cient steps are taken now to try to determine the overall quality and
quantity of ground water in the area, future development may be
restricted.

It will become necessary to understand the ground water conditions
in the Wise-Dickenson County area in great detail so careful planning
and management can be made in an intelligent manner. The basis for
this understanding will be detailed, accurate information that must go
beyond the small samples of water wells that are currently available.
Only by broadening the data base can areas of potential ground water
harm be spotted early, and corrective measures undertaken.

There appears to be sufficient ground water availability to
fulfill the needs of the present population with moderately deep
wells, but an increasing population and mining activity may lower
the overall water table and place distress upon the owners of the
shallower wells.

Increased deep mining activity also poses the threat of sub-
sidence, causing the overlying water-bearing strata to settle and

crack, draining the aquifers through these fissures.
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An increased population also increases the threats to ground water
contamination due to septic tank drainfield usage, broken sewer lines
and increased demands for sanitary landfills.

Only by recognizing these threats and planning to deal with them
in their early stages can irreparable harm be prevented from being

imposed on the delicate, valuable ground resources in the area.
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APPENDIX A
KEY WATER WELLS IN WISE COUNTY

The following Wise County map shows approximately 70 wells
which are included in Appendix B. The numbers appearing next

to each well may be cross-referenced with the information con-

tained in Appendices B and C.
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APPENDIX B
SUMMARY OF WATER WELL DATA FOR WISE COUNTY

The following pages have been compiled from computer print-
out sheets for the Wise County area. The printout is updated
to include information from new Water Well Completion Reports
submitted by water well drilling contractors. The locations of

many of the wells may be found in Appendix A.
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APPENDIX C
SUMMARY OF GROUND WATER QUALITY ANALYSES FOR WISE COUNTY

The following pages have been compiled from computer print-
out sheets for the Wise County area. The information from which
they were obtained are on permanent file in the offices of the

Virginia State Water Control Board. The locations of many of

the wells may be found in Appendix A.
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APPENDIX D
KEY WATER WELLS IN DICKENSON COUNTY

The following Dickenson County map shows approximately 25
wells which are included in Appendix E. The numbers appearing

next to each well may be cross-referenced with the information

contained in Appendices E and F.
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APPENDIX E
SUMMARY OF WATER WELL DATA FOR DICKENSON COUNTY

The following pages have been compiled from computer print-
out sheets for the Dickenson County area. The printout is
updated to include information from new Water Well Completion
Reports submitted by water well drilling contractors. The

lTocations of many wells may be found in Appendix D.
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APPENDIX F |
SUMMARY OF GROUND WATER QUALITY ANALYSES FOR DICKENSON COUNTY

The following pages have been compiled from computer printout
sheets for the Dickenson County area. The information from which they
were obtained are on permanent file in the offices of the Virginia
State Water Control Board. The locations of many of the wells may be

found in Appendix D.
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A-horizon

Alluvium

Anticline

Aquiclude

Aquifer

Arenaceous
Argillaceous

Axis

Bedding

Bedrock

B-horizon

Bog

Breccia

Calcareous

Carbonate Rock

Cementation

GLOSSARY

The uppermost zone of a soil profile, from which
soluble salts and colloids have been leached, and
organics have accumulated, i.e., topsoil.

Detritus deposited by water in geologically recent
time. :

A convex fold or arch of rock strata with the two
edges or limbs dipping in opposite directions from
the crest.

A formation with such a low permeability as to render
it useless as a source of water or conveyance of
recharge.

A formation, group of formations, or part of a
formation that is water bearing.

Rocks that contain sand.
Rocks that contain large amounts of clay.

The linear trend of the axis of an anticline, or the
trough of a syncline.

Planes which divide sedimentary rocks of the same or
different composition.

Any solid rock either exposed at the surface, or
overlain by soil or unconsolidated deposits.

A zone of soil below the A-horizon in which soluble
salts, colloids, and fine mineral particles
accumulate.

Swamp or wet land commonly covered by decaying
vegetation or peat.

A sedimentary rock consisting of angular detrital
fragments cemented together by finer material.

Containing calcium carbonate (CaC03).

A rock consisting largely of a mineral or minerals
containing the radical CO3--.

The precipitation of a binding material around

minerals or rock grains. An example would be a
quartz cemented sandstone. ’
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C-horizon

Clastic Rock
Colluvium
Compaction
Cone of

Depression

Conglomerate

Degradation

Denudation

Detritus

Dip

Discharge

Dissection

Dolomite

Drawdown

Evapo-

transpiration

Fault

Fault Breccia

The weathered zone of a soil profile directly
beneath the B-horizon, and extending down to
unweathered rock.

A sedimentary rock composed of fragmented materials
derived from pre-existing rocks.

Gravity transported loose deposits usually found at
the foot of a slope or cliff.

A decrease in the volume of sediments due to the
compression of overlying strata.

A conical depression in the water table that is
formed around a water well when it is being pumped.

A clastic sedimentary rock consisting of rounded
rocks or minerals cemented together by a finer
matrix.

The process of lowering a land surface by erosion.

The laying bare of a strata by removing its cover or
overburden.

Accumulations resulting from the breaking up and
decay of pre-existing rocks. '

The angle at which a rock bed is inclined from the
horizontal.

The volume of a stream flow, per unit of time,
through a given cross section of the stream.

The transformation by erosion of flat upland areas
into rugged hills, valleys and ravines.

A sedimentary rock composed largely of calcium
magnesium carbonate (CaMg (C03)2).

The depth to which the water table is lowered below
the static level due to well pumping.

The portion of precipitation which is returned to
the air by evaporation and vegetation.

A fracture or fracture zone along which there has
been displacement of the two sides relative to one
another, and parallel to the fracture. The dis-
placement may be a few inches or many miles.

An assembly of broken rock fragments frequently
found along faults. They are often recemented.
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Fissile

Flood Plain

Flowing Well

Fold

Formation
Fossils
Fracture
Ground Water

Hydrologic
Cycle

Impervious

Infiltration

Interstitial

Water

Joint

Karst
Topography

Leaching

A property of sp]itting’easily along closely $paced
para]}e] planes. Thin bedded shales are often
fissile.

An area adjacent to a river (or stream) which is
composed of sediments deposited by the river, and
which is covered by water when the river overflows
its banks during flooding. .

A well from which water flows at the surface without
pumping due to hydrostatic pressure.

A bend in the rock strata.

A geo1ogic mapping unit consisting of a large and
persistent stratum of common rock.

The remains or traces of plants or animals preserved
in rock.

A break in a rock usually due to faulting or intense
folding.

Subsurface water below the water table in the zone
of saturation.

The cycle in which water is evaporated from the sea,
precipitates from the atmosphere, infiltrates into
the land, and returns either to the sea or atmosphere
by transportation, evaporation or transpiration.

The term applied to a bed or stratum through which
water will not move under normal hydrostatic’pressure.

The flow or movement of water through the soil
surface into the ground.

Water contained in the small pores or spaces between
the grains of rock.

A rock fracture, usually vertical to bedding, along
which no appreciable movement has occurred.

The name given to terrains that are underlain by
Timestones and dolomites that have been weathered and
dissolved by ground water, forming such features as
caves, sinkholes, disappearing and reappearing streams.

Named after the Karst Mountains of the eastern Adriatic.

The process by which soluble mineral compounds are
removed in solution by percolating ground waters.

G-3




Limestone

Lithology

Marsh Gas

Qutcrop

Peat

Perched Water
Table

Permeability
Pervious Rock

Poorly Graded
Deposits

Porosity

Potentiometric
Surface

Pyrite

A sedimentary rock consisting predominantly of
calcium carbonate (CaC03),

The physical character of a rock as can be deter-
mined visually by the unaided eye, or with a small
power (10 x) hand lens.

Methane. Derived from the decay of plant tissue.
Often found in the ground water of coal producing
regions. Often known as "fire-damp" in coal
mining regions.

The part of a rock formation which appears at the
surface.

A dark brown residue formed by partially decomposed
vegetation in bogs and swamps. The formation of
peat beds is the first stage in the development of
coal.

Ground water which 1ies above the regional water
table, but is separated from it by an impervious
strata.

The capacity of rock or soil to transmit a fluid.
It is measured by the rate at which a fluid of a

standard viscosity can move a given distance over
a certain period of time.

A stratum or formation that contains voids through
which water will move under normal hydrostatic
conditions.

Unconsolidated deposits of essentially the same
grain size. Such deposits have a high porosity.

The ratio of the volume of voids of a rock or soil
to the total volume. This ratio is usually ex-
pressed as a percent.

The level to which ground water rises in a well or
an aquifer. In a water table or unconfined aquifer
it is the water table; in an artesian or confined
aquifer, it is the piezometric surface, also called
the artesian head: water level above the top of the
penetrated aquifer.

Iron sulfide (FeSp). A mineral often associated

with coal deposits and believed to contribute both
iron and sulfur compounds to the ground water.
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Quartzite
Recharge
Residual Soil
Runoff
Saltwater
Encroachment
Sandstone

Saprolite

Sedimentary

Rocks

Shale

Sinkho]e

Slate

So]ution
Cavities

Specific
Yield

A firm sandstone in which silica has grown between
the individual grains.

The addition of water to an aquifer by natural

infiltration or artificial means.

Soil formed in place by the d1s1ntegrat1on and
decomposition of the underlying rock.

Water which flows on the surface, such as in streams.

The replacement of fresh ground water by brackish or
saline water, often due to the overpumping of an
aqu1fer

A sedimentary rock consisting predominantly of sand-
size particles.

A thorough]y decomposed, earthy, but untransported
rock. ;

Those rocks formed by the consolidation of accumulated
sediments 1in water (aqueous) or air (eolian). The
sediments may be rock fragments (sandstones, shales);
animal or plant remains (1imestones, coal); or the
product of chemical action or evaporation (salt,
gypsum). The deposits are layered, and nearly flat

as deposited.

A laminated sedimentary rock consisting largely of
clay-sized particles. In coal mining regions these ‘

"rocks are often termed "slate."

A land surface depression usually found in limestone
regions. They are often topographic reflections of
collapsed subsurface caves. Sinkholes are also found
in regions underlain by salt and gypsum.

A metamorphosed shale with well developed fissility.
Also a coal miner's term for any shale which
accompanies coal.

Openings in limestones and other soluble rocks caused
by percolating water.

The volume of water (expressed as a percent) that a
fixed volume of rock or soil will surrender to a
well. For example, if 100 cubic feet of saturated
rock with a porosity of 25 percent yields 15 gallons
of water to a well, the specific yield will be 15
percent.
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Stratum

Strike

Structure

Subisdence

Syncline

Talus

Terrace
Deposits

Topography

Unconformity

Vadose Water

Water Table

Water Well

Weathering

A single sedimentary bed or layer, regardless of .
thickness.

The bearing of a horizontal 1ine on the plane of
a stratum, joint, fault, or clevage plane. It is
perpendicular to the direction of dip.

The general disposition, attitude, arrangement,
or relative positions of the rock masses of a
region.

The Towering of the earth's surface. It may be
extensive, such as the relative lowering of
portions of continents, or local due to over-
pumping of ground water, collapsed mines, or

“consolidation of soils in fill areas.

A concave fold or trough of rock strata with the
two edges or limbs dipping in the same direction
toward the axis of the trough.

A pile of coarse waste at the foot of a cliff or
steep slope.

Deposits of alluvium which are elevated, usually
level, older flood plains, and which are bounded
by an escarpment.

The relief and form of land surface.

An old erosion surface that separates younger strata
from older rocks.

Subsurface water in the zone of aeration, above the
zone of saturation.

The upper surface of the zone of saturation. The
surface in a water table aquifer at which the water
level stands.

An artificial excavation placed into the ground to
such a depth as to penetrate water-yielding rock
or deposits, thus allowing the removal of that
water by fiow or pumping.

A complex set of natural processes, both chemical

and mechanical, involving the decay and breaking up
of rocks.
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We]T Graded
Deposits

Zone of
Aeration

Zone of
Saturation

Unconsoldiated deposits consisting of a wide distri-
bution of grain sizes from extremely fine to large.
Because the finer particles fill the voids between
the Targer particles, well graded deposits have
Tower porosities than poorly graded deposits.

The zone in which permeable rock interstices are
not filled (except occasionally) with water.

The zone in which an aquifer is saturated with water
under pressure equal to or greater than atmospheric
pressure. ~
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Source: Virginia State Water Control Board







